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Abstract: In Panama, epidemiological data on congenital toxoplasmosis are limited, making it
difficult to understand the scope of clinical manifestations in the population and factors that may
increase the risk of infection. This study provides insight into the epidemiological situation of
maternal and congenital toxoplasmosis in Panama and contributing information on the burden of
this disease in Central America. Blood samples were collected from 2326 pregnant women and used
for the detection of anti-T. gondii antibodies. A high seroprevalence (44.41%) was observed for T.
gondii infection in pregnant women from different regions of Panama, with an estimated incidence
rate of congenital toxoplasmosis of 3.8 cases per 1000 live births. The main risk factors associated
with T. gondii infection using bivariate statistical analysis were an elementary level education and
maternal age range of 34-45 years. Multivariate statistical analyses revealed that in some regions (San
Miguelito, North and West regions), the number of positive cases correlated with the presence of
pets, stray dogs and the consumption of poultry. In other regions (East and Metropolitan regions),
the absence of pets was considered a protective factor associated with negative cases, while the
presence of stray cats and the age range of 25–34 years did not represent any risk in these regions.

Keywords: Toxoplasma gondii; seroprevalence; risk factors; pregnant women; newborns; perinatal;
maternal and congenital toxoplasmosis

1. Introduction

Toxoplasmosis is one of the most common and widespread human parasitic infections
worldwide, caused by the Apicomplexan parasite Toxoplasma gondii. According to a report

Pathogens 2021, 10, 764. https://doi.org/10.3390/pathogens10060764 https://www.mdpi.com/journal/pathogens

https://www.mdpi.com/journal/pathogens
https://www.mdpi.com
https://orcid.org/0000-0003-1311-1132
https://orcid.org/0000-0002-6949-2782
https://doi.org/10.3390/pathogens10060764
https://doi.org/10.3390/pathogens10060764
https://doi.org/10.3390/pathogens10060764
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/pathogens10060764
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com/article/10.3390/pathogens10060764?type=check_update&version=2


Pathogens 2021, 10, 764 2 of 14

from the World Health Organization, congenital toxoplasmosis (CT) is an important global
burden of ill health [1]. In 2013, the global incidence of CT was estimated at 190,100 annual
cases (95% CI: 179,300–206, 300), with a rate of 1.5 cases per 1000 live births [1]. Despite this
significant incidence, CT has not traditionally been considered an important global public
health concern, and remains a neglected disease with serious congenital, neurological and
ocular sequelae [1]. These facts, together with its high prevalence reported in vulnerable
populations with a low socioeconomic level, contribute to perpetuate poverty, mainly in
underdeveloped countries [2,3].

Low levels of education and income are socioeconomic factors linked to poor food
and hygiene practices, which have been associated with a wide variety of infectious dis-
eases [4–6]. In the case of T. gondii, these last two factors are known to be crucial in the
transmission processes [7,8]. Currently, three main transmission routes have been iden-
tified, namely, foodborne, animal-to-human (zoonotic) and mother-to-child (congenital)
transmission [9]. Foodborne transmission occurs through the ingestion of food contam-
inated with tissue cysts or oocysts of the parasite, and is the most frequent, simple and
efficient transmission route. [10,11]. The consumption of pork meat is considered to be a
concern for the transmission of this parasite in Central and South America [12]. In Panama,
a study of several provinces showed high percentages of infection in pork meat [13]. The
consumption of contaminated food is possibly the main risk factor in Latin American
countries, contributing greatly to the burden of CT in the region, with 1.8 to 3.4 cases
per 1000 live newborns [1,10,12]. Nevertheless, this incidence may be underestimated,
due to the inadequate interpretation of serological tests and the lack of follow-up of at-risk
patients. The frequency of T. gondii infection in pregnant women reported in these countries
is generally high and varies depending on the region [14]. In Brazil, most of the states have
reported percentages higher than 50%, with the highest percentage of 91.7% reported in
2010 for the city of Fortaleza [15,16]. In Colombia and Peru, the prevalence ranges from
28.0–45.8% and from 35.8–97.6%, respectively [17–19]. In Central America, few studies
have been published, however, reported data have shown relatively high frequencies in
Guatemala (55.8%) and Costa Rica (60%) [20,21]. In contrast, some cities of Mexico have
shown relatively low percentages of seropositivity, with maximum values around 6% [7,22].

From a clinical point of view, T. gondii infection is considered asymptomatic in
most individuals. However, individuals with a compromised immune system and preg-
nant women are currently the most susceptible groups. In the case of pregnant women,
a primary infection by T. gondii may be fatal to the fetus, without proper diagnosis and
treatment [23,24]. The most serious clinical manifestations of a fetal infection occur in the
first trimester of pregnancy, during the early stages of fetal development [25]. However,
the incidence of CT increases according to the gestational period, which is an important
risk factor [25,26]. The dilation of the placenta and immunological and hormonal variations
can increase the chances of transplacental transmission [27,28]. Therefore, if the infection
occurs in the first trimester of pregnancy, the chances of infection are approximately 25%,
increasing to 54% in the second trimester and 65% in the third trimester [26]. In the last
trimester, there is a greater possibility that the newborn will be asymptomatic because of
the shorter period of infection [25].

In Panama, most studies on human toxoplasmosis were conducted two decades ago.
These studies demonstrated the high prevalence of infection in people with different age
ranges, from older adults (88.9%) to children (42.5%) [29,30]. It was also observed that the
prevalence increased gradually with age and did not differ between residents in urban
(58.6%) or rural (57.5%) areas. In addition, the average incidence rate was estimated at
10.25 cases per year [30]. A more recent study carried out in pregnant women reported a
seroprevalence of 50% and an incidence rate of congenital toxoplasmosis of two cases per
1000 live births [31]. These results reaffirm the urgent need to perform epidemiological
studies in order to update the information periodically, identify difficulties in applying
the diagnosis, and to implement prevention and epidemiological surveillance measures
in the communities with the highest prevalence. Here, we analyzed the seroprevalence
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and risk factors associated with T. gondii infection in pregnant women and neonates with
suspected congenital transmission from West Panama and different regions of Panama
Province. Exploratory statistical analyses were also carried out to determine risk factors
related to the transmission dynamics typical of each of the studied regions.

2. Results
2.1. Seroprevalence of T. gondii Infection in Pregnant Women and Newborns

We enrolled 2326 pregnant women from the West Panama and Panama provinces in
the present study. A large percentage (87.71%) of these women with more than twenty
weeks of gestation had not had any previous serological test for the detection of T. gondii,
although they had already started prenatal follow-up for other diseases. Only 8.77% had at
least one serological test (IgG or IgM) and just 7.39% had both tests. Therefore, the avidity
test was not conclusive for diagnosis in most of the suspected cases of CT identified in
this study. Only four cases with less than sixteen weeks of gestation and three cases with
indeterminate values for the detection of IgM antibodies were ruled out by the avidity test
and clinical follow-up (ultrasound and serology). The rest of the pregnant women received
treatment until the baby was born.

The global seroprevalence of T. gondii infection is 44.41%. Gestational serological
screening yielded different percentages of positivity according to the stage of infection.
Serological results were classified depending on detected levels of IgG and IgM antibodies
as follows: old or chronic infection (IgG + IgM–), probable recent infection (IgG + IgM+),
recent infection (IgG– IgM+) and indeterminate cases (IgG + IgM i). Our results show
the highest positivity percentages for patients with old or chronic infections (42.60%),
with relatively lower positivity percentages for probable recent infections (1.33%), recent
infections (0.21%) and indeterminate cases (0.26%) (Table 1). Nine cases of CT were con-
firmed through the follow-up of neonates from these groups and through serological and
molecular diagnosis. The total percentage of CT was 0.38%, with an estimated incidence
rate of 3.8 cases per 1000 live births. A relatively high percentage of pregnant women
(55.58%) did not show antibodies (IgG– IgM–) against T. gondii infection and were therefore
considered a risk group. Approximately 0.15% of these patients had a seroconversion,
however, this percentage is probably underestimated, because not all pregnant women
with a negative result (IgG– IgM–) returned for a second serological test.

The stratified analysis of prevalence by region showed a high percentage of T. gondii
infection in the regions studied, with minimum and maximum values of 30.31% in the
Metro region and 52.50% in the San Miguelito region, respectively. Statistical analyses
using the Chi-squared test with a significance level of 0.05 showed statistically significant
differences between the Metro region and all the other regions included in the study
(San Miguelito (χ2 = 40.84, df =2, p =0.0001), East (χ2 = 34.85, df = 2, p = 0.0001), North
(χ2 = 17.51, df = 2, p = 0.0002), Central (χ2 = 7.51, df = 2, p = 0.023) and West (χ2 = 8.18,
df = 2, p = 0.016)). The San Miguelito region also showed significant differences to the West
(χ2 = 14.28, df = 2, p = 0.0008) and Central (χ2 = 7.586, df = 2, p = 0.0225) regions, and the
East Region with the West region (χ2 = 10.27, df = 2, p = 0.0059) (Table 1).
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Table 1. Seroprevalence of T. gondii infection in pregnant women and congenital toxoplasmosis in newborns of West Panama and different regions of Panama Province.

No. (%), (95% CI)

Suspected cases of CT
Region No. of Patients Prevalence Old Infection

IgG+ IgM-
Indeterminatecases

IgG+ IgM i
Probable Recent Infection

IgG+ IgM+
Recent Infection

IgG- IgM+
At-Risk Group

G- IgM-
CT Confirmed

by PCR Age a (Years)

Metro 353 107 (30.31)
(25.62–35.44)

100 (28.32)
(23.74–33.38)

1 (0.28)
(0.15–1.82)

5 (1.42)
(0.52–3.47)

1 (0.28)
(0.01–1.82)

246 (69.68)
(64.56–74.38)

0 (0)
(0–1.34) 27.83 ± 0.33

West 444 178 (40.09)
(35.52–44.83)

171 (38.51)
(33.99–43.23)

1 (0.23)
(0.01–1.45)

6 (1.35)
(0.55–3.07)

0 (0)
(0–1.07)

266 (59.91
(55.17–64.47)

0(0)
(0–1.07) 27.73 ± 0.29

Central 227 94 (41.41)
(34.98–48.13)

90 (39.65)
(33.30–46.35)

0 (0)
(0–2.07)

4 (1.76)
(0.56–4.75)

0 (0)
(0–2.07)

133 (58.59)
(51.87–65.01)

1 (0.44)
(0.02–2.81) 27.34 ± 0.44

North 296 137 (46.28)
(40.52–52.14)

133 (44.93)
(39.20–50.80)

2 (0.68)
(0.12–2.69)

2 (0.68)
(0.12–2.69)

0 (0)
(0–1.60)

159 (53.72)
(47.86–59.48)

0 (0)
(0–1.60) 26.53 ± 0.36

East 526 265 (50.38)
(46.02–54.73)

253 (48.09)
(43.76–52.46)

2 (0.38)
(0.06–1.52)

8 (1.52)
(0.71–3.10)

2 (0.38)
(0.06–1.52)

261 (49.62)
(45.27–53.97)

3 (0.57)
(0.15–1.80) 26.65 ± 0.27

San
Miguelito 480 252 (52.50)

(47.93–57.03)
244 (50.83)

(46.27–55.38)
0 (0)

(0–0.99)
6 (1.25)

(0.51–2.84)
2 (0.42)

(0.07–1.66)
228 (47.50)

(42.97–52.07)
5 (1.04)

(0.38–2.56) 27.61 ± 0.27

Total 2326 1033 (44.41)
(42.38–46.46)

991 (42.60)
(40.59–44.65)

6 (0.26)
(0.10–0.59)

31 (1.33)
(0.92–1.91)

5 (0.21)
(0.08–0.53)

1293 (55.58)
(53.54–57.62)

9 (0.38)
(0.19–0.76) 27.28 ± 0.13

a Age is shown as mean ± standard error of the mean (S.E.M.). CI: confidence interval; CT: congenital toxoplasmosis; IgM i: indeterminate IgM antibody; No.: number.
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2.2. Risk Factors Associated with T. gondii Infection

Different categorical variables were analyzed through the Chi-squared test, with a
significance level of 0.05, in order to verify their association with T. gondii infection. The
results showed a possible association between the percentage of positivity and maternal
age or level of schooling. The analyses carried out on the total samples studied showed
a statistically significant difference between the oldest age range (G3 = 35–44 years) and
the youngest age ranges (G1 = 15–24 and G2 = 25–34 years) (G3 vs. G2: χ2= 12.53, df = 2,
p = 0.0019; G3 vs. G1: χ2= 20.65, df=2, p = 0.0001). The stratified analysis of the age data
according to geographical area showed a higher percentage of infection in the G3 group in
all the studied regions. However, G3 only showed statistically significant differences with
the other age groups (G1 and G2) in the Metro (G3 vs. G1: χ2 = 7.40, df = 2, p = 0.0246; G3
vs. G2: χ2 = 6.81, df = 2, p = 0.0332), East (G3 vs. G1: χ2 = 9.49, df = 2, p = 0.0087) and West
(G3 vs. G1: χ2 = 6.35, df = 2, p = 0.0418) regions.

Regarding the level of schooling, a significantly lower percentage of infection was
observed in women with a university level education, when compared to those with a high
school level education (χ2 = 7.27, df = 1, p = 0.0070) and an elementary level education
(χ2= 20.82, df=1, p = 0.0001). The comparison between the elementary and high school level
showed a relatively lower level of significance (χ2 = 9.25, df = 1, p = 0.0023). The results
of these analyses by region only showed statistically significant differences between the
university level and the elementary (χ2 = 8.86, df = 2, p = 0.0119) and high school (χ2 = 6.93,
df = 2, p = 0.0312) levels in the West region.

2.3. Association between Exposure to a Risk Factor and the Occurrence of the Disease

Relative risk measures, such as the odds ratio and prevalence ratio, were calculated
in order to determine the magnitude of the association between T. gondii infection and
several categorical variables, including age range (G1, G2 and G3), level of education
(elementary, high school and university), domestic pets (presence or absence of) and stray
animals (presence of dogs or cats). The results showed that some of these categories may
be associated with the occurrence of infection. The G3 age range and an elementary school
level of education exhibited a strong association with parasite infection in all samples,
either when analyzed globally or stratified by region (Figure 1). The youngest age range
(G1) was associated with infection in the Central region and the G2 range, in the East and
San Miguelito regions. The presence of domestic pets was also associated with infection
in the Central and San Miguelito regions. The presence of stray dogs was associated with
infection in the Metro, West, Central and East regions, while the presence of stray cats was
only associated with infection in the Metro region.

2.4. Relationship Patterns between Different Risk Factors and T. gondii Infection

Different categorical variables evaluated through the surveys provided to pregnant
women were jointly analyzed using multiple component analysis (MCA) (Figure 2). This
analysis showed relationship patterns between different risk factors related to T. gondii
infection. The variance explained through this analysis for the total population analyzed
was 23.3%. The relationship patterns were analyzed using the positive (IgG+) and negative
(IgG–) results of the detection of IgG antibodies as reference points. The results obtained
showed a close relationship between the positive cases (IgG+) and the San Miguelito, North
and West regions. These risk factors in turn were closely related to the presence of pets,
stray dogs and the consumption of poultry. The Metro and East regions were more closely
related to the presence of stray cats, the G2 age range, the absence of pets and negative
cases for IgG– and IgM–.
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represent the space where the different categories of variables are expressed. The blue and red dots indicate the categories
related to negativity (IgG-) and positivity (IgG +) of the IgG antibody respectively. The most relevant categorical variables
are shown as follows: SM (San Miguelito Region), West (West Region), North (North Region), IgG + (positive IgG), SA_d
(Stray animal_presence of dog), TM_p (Type of consumed meat_ poultry), P_p (Presence of pets), East (East Region), Metro
(Metro Region), IgM- (negative IgM), P_a (Pets_ absence of pets), G2 (Age group 2), IgG- (negative IgG), SA_c (Stray animal_
presence of cats), E_h (Educational level_high school). The other categories can be seen in Table S2.

3. Discussion

T. gondii infection during pregnancy remains a preventable condition, with treatments
available to reduce serious sequelae in the fetus. However, this disease continues to be
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neglected in most Latin American countries [14,32–34]. A recent study conducted in a
popular hospital in Panama City showed that 76% of pregnant women had no knowledge
about toxoplasmosis [35]. This fact was corroborated in this study when a large percentage
(87.71%) of pregnant women with more than twenty weeks of gestation had not had any
serological test for the detection of T. gondii infection, although they had already had
serological screening for other congenital diseases.

Our results also indicated a lower seroprevalence for T. gondii infection and a higher
incidence rate of CT than those reported in Panama in 2014 [31]. This variation in seropreva-
lence may be related to the group of pregnant women (high risk pregnancies) analyzed in
this study and differences in the sensitivity and specificity indices between the diagnostic
tests used in each of the studies. Similarly, the difference observed between incidence rates
of CT could be attributed to a variation in the sensitivity index of the diagnostic tests used
for the detection of maternal IgM antibodies. These diagnostic tests exhibited sensitivity
rates of 92.6% for the Elecsys Toxo IgM assay and 89.9% for the Architect Toxo IgM sys-
tem in previous validation studies [36,37]. Molecular diagnosis in this study through the
PCR-based test was essential for the detection of the parasite and the confirmation of cases
of CT. Most of the neonates confirmed by the PCR test did not show IgM antibodies at
birth. Detection of postnatal anti-T. gondii IgM antibodies is generally complex due to the
gestational period in which maternal infection occurred. Some studies have reported a
lower sensitivity of diagnostic tests for the detection of IgM antibodies if infection occurs
early in pregnancy, whereas the sensitivity tends to be higher if the infection occurs in the
final phase of the gestational period [38]. Treatment of patients during pregnancy is another
factor that can also decrease the sensitivity of diagnostic tests in the neonate [38,39].

A large percentage of women of childbearing age (55.58%, IgG– IgM–) from Panama
City and West Panama are at risk of becoming infected with T. gondii and developing an
acute infection during pregnancy. Unfortunately, the applicable protocols and regulations
for prenatal care are not enforced reliably in Panama and at the appropriate gestational
time. The regulations state that serological screening for the detection of IgG and IgM
anti-T. gondii antibodies must be free of charge, provided in primary care centers (in the
first evaluation) and repeated between weeks 29 and 32, if the results of the diagnosis are
negative (IgG– IgM–) [40]. However, all pregnant women identified in this study with
suspected CT were referred from primary care centers to the high-risk unit of Hospital Santo
Tomás for other conditions and not for toxoplasmosis. Furthermore, a large percentage
did not have any serological test for T. gondii. Failures in serological screening limit the
possibilities of determining acute infection using the avidity test, which is efficient only until
the sixteenth week of pregnancy. A high avidity result in the second and third trimesters is
not conclusive and does not rule out the possibility of infection during the first trimester [41].
These precepts are not clear in the management guidelines for complications in pregnancy
established by the Ministry of Health of Panama [42]. Therefore, it is important to carry
out a detailed review of the management guidelines and standards for prenatal care.
Our findings here highlight the importance of the mandatory reporting of all suspected,
confirmed, and fatal cases of CT [43]. We also recommend including mandatory reporting
of cases of acute toxoplasmosis infection during pregnancy. These regular reports will
be of great help to keep the public databases updated, to identify possible risk factors,
to monitor the patients and to organize the acquisition of drugs and laboratory supplies.

Domestic animals have been considered risk factors due to their constant interaction
with humans [8,44]. Previous studies carried out in West Panama and in different regions
of Panama province showed high frequencies of infection by T. gondii in dogs and cats,
both strays and pets [45,46]. The bivariate analyses carried out in this study did not show
significant association between the presence of domestic animals and the frequency of
infection. However, when the relative risk measures (odds ratio and prevalence ratio) were
estimated, an association or increased risk was observed between the group of positive
pregnant women and the presence of domestic animals (dogs and cats) mainly in the
Central region. This region is one of the most densely populated in Panama City, which
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could increase interactions between its inhabitants and domestic animals [47]. The time of
exposure to the parasite also seems to be an important risk factor to be considered in these
regions. In our study, the G3 age range showed the highest infection frequencies. However,
most of these women were diagnosed with chronic infection (IgG+ IgM–) and only three of
them were considered cases of probable recent infection (IgG+ IgM+). Therefore, most of
the suspected CT cases belong to the G1 and G2 age ranges, which span from 15 to 34 years
old. The results obtained in this study also suggest that communities with higher rates of
poverty and unemployment may be associated with higher percentages of seroprevalence.
For instance, the San Miguelito and East regions, which showed high percentages of infec-
tion, currently have the highest unemployment rates [47,48]. In contrast, the Metro region,
which has a higher socioeconomic level, showed a lower percentage of seroprevalence.

T. gondii has the ability to use different routes of transmission, due to its complex life
cycle. This fact, together with regional habits and customs, generates different relationship
patterns capable of influencing the frequency of infection observed in each region. In this
study, exploratory statistical analyses revealed a set of potentially important variables for
the transmission of the parasite within the regions evaluated. The relationship patterns
showed that in the San Miguelito, North and West regions, the presence of pets, stray
dogs and the consumption of poultry could be important risk factors associated with the
transmission of the parasite. However, the patterns observed in the East and Metro regions
seem to be more closely related to the negativity of the infection (IgG– and IgM–). In these
regions, the absence of pets was considered a protective factor, and factors such as the G2
age range and the presence of stray cats did not represent a risk for the transmission of the
parasite. However, these regions have different urban and demographic characteristics,
which may also impact the dynamics of transmission.

The high prevalence percentage and incidence rates of T. gondii observed in this
study in pregnant women of childbearing age and their newborns demonstrate how this
disease continues to be a latent and underestimated threat in urban regions of Panama
Province and West Panama. Our results reflect the neglect in primary care centers and
emphasize how the urban, social and cultural characteristics of each region can influence
infection dynamics. This study should help direct efforts in epidemiological prevention
and surveillance programs. The new data should instigate further research focused on the
most relevant risk factors that can affect infection dynamics in Panama and possibly other
countries.

4. Materials and Methods
4.1. The Ethics Statement

The protocols and methodologies used in this study for sample collection, application
of surveys and diagnostic tests were reviewed and approved by the Ethics and Research
Committee of Hospital Santo Tomás (Panama City, Panama), with protocol approval
number 2016-347V3.

4.2. Experimental Design

We used a cross-sectional approach to measure the seroprevalence of T. gondii infection
and risk factors associated with the transmission of the parasite in a population of pregnant
women. All pregnant women who attended the high-risk pregnancies section of the
maternity ward of Hospital Santo Tomás between June 2017 and December 2018 were
included in this study, totaling 2326 patients. This section provides obstetrics services for
patients mainly referred by primary healthcare centers. High-risk referrals include simple
and major complications of pregnancy, such as high blood glucose levels and alterations of
blood pressure. The patients were evaluated through serological methods for the detection
of anti-T. gondii antibodies (IgG and IgM). Patients with acute T. gondii infection received
treatment and were followed up until delivery. The newborns with suspected congenital
toxoplasmosis were referred to Hospital del Niño (Panama City, Panama), according to
standard procedures for medical care in the country, to be diagnosed by serological and
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molecular tests and clinically evaluated for CT. The definitive diagnosis of CT cases was
made after the birth of the newborn by detecting parasite DNA through a polymerase
chain reaction (PCR)-based test in samples of cerebrospinal fluid from the newborn and
samples of placenta and amniotic fluid from the mother.

4.3. Geographical Area Studied

Pregnant women enrolled in this study reside in different areas of the Panama province,
defined as the Central, Metro, East, North and San Miguelito regions. The West region
located in the West Panama province was also included. These regions were divided into
45 communities, distributed as follows: six communities from the East region, six from the
Central region, five from the Metro region, four from the North region, nine from the San
Miguelito region and 15 from the West region (Supplementary Table S1). Geographical
data related to the percentage of T. gondii infection per region were plotted on a map by
using the GeoDa software 1.12 (Center for Spatial Data Science, University of Chicago,
Chicago, IL, USA) [49] (Figure 3).
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following abbreviations: SMR = San Miguelito Region, NR = North Region, ER = East Region,
WR = West Region, MR = Metro Region and CR = Central Region. The blue scale shows the ranges
of the T. gondii infection percentages according to the mean ± standard deviation as follows: SM
(50.26–57.16), ER and NR (43.36–50.26), CR and WR (36.46–43.36) and MR (29.56–36.46).

4.4. Data Collection and Survey Application

Before enrolment in the study, pregnant women received educational talks on the
importance of toxoplasmosis diagnosis during pregnancy and relevant information from
the study. Patients who agreed to participate in the study received the informed consent
document, which was explained by suitably trained personnel. The informed consent was
signed by the patients after they had read it carefully. Subsequently, an epidemiological
survey was provided, in order to measure different risk factors associated with the trans-
mission of T. gondii. The survey included questions related to the patient’s age group (G),
defined as 15–24 years old (G1), 25–34 (G2) and 35–44 (G3), region of origin (Central, Metro,
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West, North, East and San Miguelito), eating and hygiene habits (frequency of street food
consumption, food origin, type of meat consumed, consumption of raw meat, frequency of
hand washing and frequency of washing fruits and vegetables), interaction with animals
(presence or absence of pets and stray animals in the neighborhood), and educational level
(elementary school, high school or university) (Supplementary Table S2).

4.5. Sample Collection
4.5.1. Peripheral Blood

A volume of 5 ml of whole blood was collected from each participant enrolled in the
study and placed in a vacutainer tube (Becton, Dickinson and Company, Franklin Lakes,
NJ, USA) without an anticoagulant and with a serum separator. Samples were transported
in a refrigerated container to Hospital Santo Tomás for diagnosis. Serum was separated
from the rest of the blood components by centrifugation at 1600× g for 10 minutes at room
temperature. Serological diagnostic tests were carried out once the samples arrived at the
laboratory. In the case of newborns with suspected CT, a 1 mL blood sample was obtained
and placed in microtainer tubes (BD Microtainer, Franklin Lakes, NJ, USA). Peripheral
blood samples were drawn via venipuncture.

4.5.2. Placental Samples

Approximately 200 grams of fetal placenta were collected from patients with acute T.
gondii infection. Samples were taken by the obstetrician in charge of delivery or cesarean
section, after expulsion of the placenta. The sample was collected from the region closest to
the insertion of the umbilical cord of the newborn and stored in a sterile saline solution with
penicillin (100 U/mL) and streptomycin (100 µg/mL). Placental samples were transported
in a refrigerated container to INDICASAT AIP and stored at −20 ◦C.

4.5.3. Cerebrospinal Fluid in the Newborns

To confirm T. gondii infection in newborn infants with inconclusive serological di-
agnosis and clinical signs, a sample of cerebrospinal fluid was taken by the attending
neonatologist through lumbar puncture. Approximately 1.5 to 2 ml of cerebrospinal fluid
was collected in a sterile tube, which was transported to INDICASAT AIP and stored at
−20 ◦C for subsequent analysis.

4.6. Serological and Molecular Diagnosis
4.6.1. Detection of anti-T. gondii Antibodies in Serum Samples

The Elecsys Toxo IgG and IgM tests systems (Roche Diagnostics, Mannheim, Germany)
were used to detect T. gondii antibodies in serum samples collected from pregnant women.
This automated system consists of electro-chemiluminescence immunoassays using the
sandwich principle for the detection of anti-T. gondii IgG and IgM antibodies in serum
samples. The Elecsys® Toxo IgG avidity assay was used to distinguish a recent infection
from an older one. All commercial tests were performed according to the manufacturer’s
instructions and the test results were analyzed and quantified with the cobas e 601 system
(Roche Diagnostics, Mannheim, Germany). The serological diagnosis of the newborn was
performed through the commercial test routinely used at the Hospital del Niño for the
detection of IgM antibodies.

4.6.2. Detection of T. gondii Infection in Placental Samples

Placenta samples of patients diagnosed with acute T. gondii infection by use of different
serological tests (Elecsys Toxo IgG, IgM and avidity assay) were also screened with a PCR-
based test. This procedure was carried out according to the methodology previously
described for the detection of T. gondii DNA using the B1 gene as a molecular marker [50].
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4.6.3. Detection of T. gondii Infection in Cerebrospinal Fluid Samples from Newborns

Cerebrospinal fluid samples from neonates with suspected congenital toxoplasmosis
and inconclusive serological results were analyzed with the PCR-based test, as previously
described [50].

4.7. Statistical Analysis

Basic descriptive statistical measures and prevalence values were calculated using
built-in statistical functions of R version 4.0.0 (R Core Team, Vienna, Austria) [51]. The
Chi-squared (χ2) test with a significance level of 0.05 was used to verify the statistical
differences between the prevalence percentages found in each of the analyzed regions.
This test was also used to determine the association between the different categorical
variables evaluated and the percentages of positivity for T. gondii infection. Subsequently,
the magnitude of these associations was estimated through relative risk measures, such as
odds ratio and prevalence ratio. These analyses were carried out with GraphPad version
6.1 (GraphPad Software Inc., San Diego, CA, USA) [52].

A multivariate analysis was carried out to find the most relevant variables related
to T. gondii infection. The dimensionality of the dataset was reduced using a multiple
correspondence analysis (MCA), which is an extension of correspondence analysis (CA)
that allows the evaluation of the pattern of relationships of several categorical variables
using geometrical methods. Briefly, the data were reduced using the Burt’s method,
as implemented in the R package FactoMineR version 1.34, and results were visualized
using the Factoextra Package version 1.0.5 [53,54].

5. Conclusions

T. gondii infection in pregnant women is a public health problem in urban regions of
Panama. The high frequency of infection and incidence rates of congenital toxoplasmosis
reported in this study revealed the high exposure to the parasite and the effectiveness
of the transmission routes (foodborne, zoonotic and congenital) in the regions studied.
These results also highlight the deficiencies in the prevention programs and the prenatal
follow-up protocol and the inadequate application of diagnostic tests in primary care
centers. According to the data obtained in this study, the use of both PCR and serological
tests improved parasite detection in neonates with suspected congenital toxoplasmosis.
Based on these findings, we recommend the implementation of prevention measures and
epidemiological surveillance aimed at pregnant women at risk of infection, these represent
a high percentage (55.58%).

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/pathogens10060764/s1, Table S1: Regions and communities surveyed in this study and Table
S2: Variables evaluated with Multiple Correspondence Analysis (MCA).

Author Contributions: Conceptualization, Z.C.E., M.S., X.S.-L., R.M., M.T.M., X.N.; methodology,
C.F., D.V-C., J.B., L.F., M.S., M.Q.R., M.L.D.G., G.G., V.d.l.G., A.G., M.F.L., M.T.M., X.N., and D.W.;
validation, C.F., D.V-C., J.B.,D.W., and Z.C.E.; formal analysis, Z.C.E., C.M.R., D.V-C., C.F., A.L.;
investigation, Z.C.E., C.F., D.V-C.; data curation, C.M.R., A.L., and D.V.-C.; writing—original draft
preparation, Z.C.E., C.F., D.V-C.; writing—review and editing, R.M., A.L., C.M.R., X.S.-L.; supervision,
Z.C.E., M.S., D.V.-C., L.F.; project administration, Z.C.E., and M.S.; funding acquisition, Z.C.E., M.S.,
X.S.-L. and R.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Secretaria Nacional de Ciencia, Tecnología e Innovación
(SENACYT), grant number 189-2016-4-GRID15-016, Sistema Nacional de Investigación (SNI), Panamá,
number 214-2017 and Roche Diagnostics International Ltd.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics and Research Committee of Hospital Santo
Tomás (Panama City, Panama) with protocol code 2016-347V3 12 August 2016.

https://www.mdpi.com/article/10.3390/pathogens10060764/s1
https://www.mdpi.com/article/10.3390/pathogens10060764/s1


Pathogens 2021, 10, 764 12 of 14

Informed Consent Statement: Informed consent has been obtained from the patient(s) to publish
this paper.

Data Availability Statement: Data supporting the findings of this study are available on figshare
under the digital object identifier (DOI) https://doi.org/10.6084/m9.figshare.14392838, accessed on
15 December 2020.

Acknowledgments: The authors of this study thank all the medical staff of the high-risk pregnancy
and infectology sections and pharmacy staff of the Hospital Santo Tomás, especially to Osvaldo
Reyes, Aris Caballero de Mendieta, Carmen Charter, Susana Frías, Dario Beneditto, Edwin Ortiz,
Carlos Moreno, Ana Belen Arauz, Monica Pachar, Eyra Garcia, Moises Marquez and the nurses for
all their logistical support. Also, to the medical staff of the infectology and neonatology departments
of the Hospital del Niño José Renan Esquivel, especially to Dora Estripeau and Natividad Caballero
E., as well as to our international collaborators Chung Lei Su from the University of Tennessee and
Eileen Stillwagon (R.I.P.) and the students Connie Mendivil from the Universidad Latina; Catherine
Castro, Margarita Ramirez, Davina Moossazadeh, Aliya Moreira, Abhinav Pandey, Xuan Li, Ashtyn,
Kanix Wang, Andrey Rzhevsky, Sharon, Catalina Raggi and Jose Sanchez of the Center for Global
Health from the University of Chicago and Guillermo Pradeu from the University of South Florida.
We are also grateful to Yila de la Guardia for her valuable corrections.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Torgerson, P.R.; Mastroiacovo, P. The global burden of congenital toxoplasmosis: A systematic review. Bull. World Heal. Organ.

2013, 91, 501–508. [CrossRef] [PubMed]
2. Mareze, M.; Benitez, A.D.N.; Brandão, A.P.D.; Pinto-Ferreira, F.; Miura, A.C.; Martins, F.D.C.; Caldart, E.T.; Biondo, A.W.; Freire,

R.L.; Mitsuka-Breganó, R.; et al. Socioeconomic vulnerability associated to Toxoplasma gondii exposure in southern Brazil. PLoS
ONE 2019, 14, e0212375. [CrossRef] [PubMed]

3. Reátegui, C.B.; Vela, L.G. The relation between socioeconomic-epidemiologic factors and seroprevalence of Toxoplasmosis in
pregnant women at the Hospital. Neotrop. Helminthol. 2011, 5, 31–40.

4. Redmond, E.C.; Griffith, C.J. Consumer food handling in the home: A review of food safety studies. J. Food. Prot. 2003, 66,
130–161. [CrossRef]

5. Thrane, N.; Søndergaard, C.; Schønheyder, H.C.; Sørensen, H.T. Socioeconomic factors and risk of hospitalization with infectious
diseases in 0- to 2-year-old Danish children. Eur. J. Epidemiol. 2005, 20, 467–474. [CrossRef] [PubMed]

6. Unicomb, E.L. Food safety: Pathogen transmission routes, hygiene practices and prevention. J. Heal. Popul. Nutr. 2009, 27,
599–601. [CrossRef]

7. Alvarado-Esquivel, C.; Terrones-Saldívar, M.d.C.; Hernández-Tinoco, J.; Muñoz-Terrones, M.D.E.; Gallegos-González, R.O.;
Sánchez-Anguiano, L.F.; Reyes-Robles, M.E.; Jaramillo-Juárez, F.; Liesenfeld, O.; Estrada-Martínez, S. Seroepidemiology of
Toxoplasma gondii in pregnant women in Aguascalientes City, Mexico: A cross-sectional study. BMJ Open 2016, 6, e012409.
[CrossRef] [PubMed]

8. Jones, J.L.; Dubey, J.P. Foodborne Toxoplasmosis. Clin. Infect. Dis. 2012, 55, 845–851. [CrossRef]
9. CDC. Parasites Toxoplasmosis (Toxoplasma Infection). Epidemiology & Risk Factors. Available online: https://www.cdc.gov/

parasites/toxoplasmosis/epi.html (accessed on 15 December 2020).
10. Macpherson, C.N.L.; Bidaisee, S. 4-Role of Society and Culture in the Epidemiology and Control of Foodborne Parasites. In

Foodborne Parasites in the Food Supply Web, 1st ed.; Gajadhar, A.A., Ed.; Woodhead Publishing: Oxford, UK, 2015; pp. 49–73.
11. Tenter, A.M. Toxoplasma gondii in animals used for human consumption. Mem. Inst. Oswaldo Cruz 2009, 104, 364–369. [CrossRef]
12. WHO. WHO’s First Ever Global Estimates of Foodborne Diseases Find Children under 5 Account for almost One Third of Deaths.

Available online: https://www.who.int/news/item/03-12-2015-who-s-first-ever-global-estimates-of-foodborne-diseases-find-
children-under-5-account-for-almost-one-third-of-deaths (accessed on 15 December 2020).

13. Correa, R.; Cedeño, I.; De Escobar, C.; Fuentes, I. Increased urban seroprevalence of Toxoplasma gondii infecting swine in Panama.
Veter Parasitol. 2008, 153, 9–11. [CrossRef]

14. Pappas, G.; Roussos, N.; Falagas, M.E. Toxoplasmosis snapshots: Global status of Toxoplasma gondii seroprevalence and
implications for pregnancy and congenital toxoplasmosis. Int. J. Parasitol. 2009, 39, 1385–1394. [CrossRef] [PubMed]

15. Dubey, J.P.; Lago, E.G.; Gennari, S.M.; Su, C.; Jones, J.L. Toxoplasmosis in humans and animals in Brazil: High preva-lence, high
burden of disease, and epidemiology. Parasitology 2012, 139, 1375–1424. [CrossRef]

16. Sroka, S.; Bartelheimer, N.; Winter, A.; Queiroz, A.J.N.; Alencar, C.H.; Heukelbach, J.; Ariza, L.; Liesenfeld, O.; Ribeiro, H.;
Oliveira, F.A. Prevalence and Risk Factors of Toxoplasmosis among Pregnant Women in Fortaleza, Northeastern Brazil. Am. J.
Trop. Med. Hyg. 2010, 83, 528–533. [CrossRef]

17. Angel-Müller, E.; Hougton, M.P.; Eslava, C.; Riaño, J.; Rey, G.E.; Gómez-Marín, J.E. Gestational and congenital toxo-plasmosis in
two hospitals in Bogota, Colombia. Rev. Fac. Med. 2014, 62, 179–185. [CrossRef]

https://doi.org/10.6084/m9.figshare.14392838
http://doi.org/10.2471/BLT.12.111732
http://www.ncbi.nlm.nih.gov/pubmed/23825877
http://doi.org/10.1371/journal.pone.0212375
http://www.ncbi.nlm.nih.gov/pubmed/30763391
http://doi.org/10.4315/0362-028X-66.1.130
http://doi.org/10.1007/s10654-005-0719-2
http://www.ncbi.nlm.nih.gov/pubmed/16080595
http://doi.org/10.3329/jhpn.v27i5.3635
http://doi.org/10.1136/bmjopen-2016-012409
http://www.ncbi.nlm.nih.gov/pubmed/27371556
http://doi.org/10.1093/cid/cis508
https://www.cdc.gov/parasites/toxoplasmosis/epi.html
https://www.cdc.gov/parasites/toxoplasmosis/epi.html
http://doi.org/10.1590/S0074-02762009000200033
https://www.who.int/news/item/03-12-2015-who-s-first-ever-global-estimates-of-foodborne-diseases-find-children-under-5-account-for-almost-one-third-of-deaths
https://www.who.int/news/item/03-12-2015-who-s-first-ever-global-estimates-of-foodborne-diseases-find-children-under-5-account-for-almost-one-third-of-deaths
http://doi.org/10.1016/j.vetpar.2008.01.017
http://doi.org/10.1016/j.ijpara.2009.04.003
http://www.ncbi.nlm.nih.gov/pubmed/19433092
http://doi.org/10.1017/S0031182012000765
http://doi.org/10.4269/ajtmh.2010.10-0082
http://doi.org/10.15446/revfacmed.v62n2.45430


Pathogens 2021, 10, 764 13 of 14

18. Rosso, F.; Remington, J.S.; Tunubala, G.A.; Chaves, J.A.; Agudelo, A.; Montoya, J.G.; Villalobos, C.; Messa, A.; Les, J.T. Prevalence
of infection with Toxoplasma gondii among pregnant women in Cali, Colombia, South America. Am. J. Trop. Med. Hyg. 2008, 78,
504–508. [CrossRef] [PubMed]

19. Silva-Díaz, H.; Arriaga-Deza, E.V.; Failoc-Rojas, V.E.; Alarcón-Flores, Y.R.; Rojas-Rojas, S.Y.; Becerra-Gutiérrez, L.K.; Mera-Villasis,
K.M.; Aguilar-Gamboa, F.R.; Silva-García, T. Seroprevalence of toxoplasmosis in pregnant women and its as-sociated factors
among hospital and community populations in Lambayeque. Peru. Rev. Soc. Bras. Med. Trop 2020, 53, 1–6.

20. Ruiz, A.; Manuel, C.F.; Kotcher, E. The prevalence of Toxoplasma antibodies in Costa Rican postpartum women and their
neonates. Am. J. Obstet. Gynecol. 1966, 95, 817–819. [CrossRef]

21. Sinibaldi, J.; De Ramirez, I. Incidence of congenital toxoplasmosis in live Guatemalan newborns. Eur. J. Epidemiol. 1992, 8, 516–520.
[CrossRef]

22. Alvarado-Esquivel, C.; Sifuentes-Alvarez, A.; Narro-Duarte, S.G.; Estrada-Martínez, S.; Díaz-García, J.H.; Liesenfeld, O.; Martínez-
García, S.A.; Canales-Molina, A. Seroepidemiology of Toxoplasma gondii infection in pregnant women in a public hospital in
northern Mexico. BMC Infect. Dis. 2006, 6, 113. [CrossRef]

23. Montoya, J.G.; Liesenfeld, O. Toxoplasmosis. Lancet 2004, 363, 1965–1976. [CrossRef]
24. Wallon, M.; Peyron, F. Congenital Toxoplasmosis: A Plea for a Neglected Disease. Pathogens 2018, 7, 25. [CrossRef]
25. Dunn, D.; Wallon, M.; Peyron, F.; Petersen, E.; Peckham, C.; Gilbert, R. Mother-to-child transmission of toxoplasmosis: Risk

estimates for clinical counselling. Lancet 1999, 353, 1829–1833. [CrossRef]
26. Robbins, J.R.; Zeldovich, V.B.; Poukchanski, A.; Boothroyd, J.C.; Bakardjiev, A.I. Tissue Barriers of the Human Placenta to Infection

with Toxoplasma gondii. Infect. Immun. 2011, 80, 418–428. [CrossRef]
27. Avelino, M.M.; Campos, D., Jr.; do Carmo Barbosa de Parada, J.; de Castro, A.M. Pregnancy as a risk factor for acute toxoplasmosis

seroconversion. Eur. J. Obstet. Gynecol. Reprod. Biol. 2003, 108, 19–24. [CrossRef]
28. Daunter, B. Immunology of pregnancy: Towards a unifying hypothesis. Eur. J. Obstet. Gynecol. Reprod. Biol. 1992, 43, 81–95.

[CrossRef]
29. Etheredge, G.D.; Frenkel, J.K. Human Toxoplasma Infection in Kuna and Embera Children in the Bayano and San Blas, Eastern

Panama. Am. J. Trop. Med. Hyg. 1995, 53, 448–457. [CrossRef] [PubMed]
30. Sousa, O.E.; Saenz, R.E.; Frenkel, J.K. Toxoplasmosis in Panama: A 10-Year Study. Am. J. Trop. Med. Hyg. 1988, 38, 315–322.

[CrossRef] [PubMed]
31. Montenegro, V.A.N.; Escala, M.; Sáenz-Llorens, X. Seroprevalencia de Infección de Toxoplasma gondii en Mujeres Embarazadas

por Medio de Detección de Anticuerpos IgG e IgM anti T. gondii y su Impacto en el Recién Nacido, que Asisten a la Maternidad
del Hospital Santo Tomás en el Periodo de 1 de junio 30 de Noviembre 2014. Master’s Thesis, Universidad de Panamá, Via Simón
Bolívar, Panama, 2014.

32. Bigna, J.J.; Tochie, J.N.; Tounouga, D.N.; Bekolo, A.O.; Ymele, N.S.; Youda, E.L.; Sime, P.S.; Nansseu, J.R. Global, regional, and
country seroprevalence of Toxoplasma gondii in pregnant women: A systematic review, modelling and meta-analysis. Sci. Rep.
2020, 10, 1–10. [CrossRef]

33. El Bissati, K.; Levigne, P.; Lykins, J.; Adlaoui, E.B.; Barkat, A.; Berraho, A.; Laboudi, M.; El Mansouri, B.; Ibrahimi, A.; Rhajaoui,
M.; et al. Global initiative for congenital toxoplasmosis: An observational and international comparative clinical analysis. Emerg.
Microbes Infect. 2018, 7, 1–14. [CrossRef]

34. Rostami, A.; Riahi, S.; Gamble, H.; Fakhri, Y.; Shiadeh, M.N.; Danesh, M.; Behniafar, H.; Paktinat, S.; Foroutan, M.; Mokdad, A.;
et al. Global prevalence of latent toxoplasmosis in pregnant women: A systematic review and meta-analysis. Clin. Microbiol.
Infect. 2020, 26, 673–683. [CrossRef]

35. Li, X.; Felin, M.S.; Bodden, L.; Boyer, K.M.; McLeod, R.; Reyes, O. Toxoplasmosis Education for Pregnant Women in Panama
[16A]. Obstet. Gynecol. 2016, 127, 15S–16S. [CrossRef]

36. Gay-Andrieu, F.; Fricker-Hidalgo, H.; Sickinger, E.; Espern, A.; Brenier-Pinchart, M.-P.; Braun, H.-B.; Pelloux, H. Comparative
evaluation of the ARCHITECT Toxo IgG, IgM, and IgG Avidity assays for anti-Toxoplasma antibodies detection in pregnant
women sera. Diagn. Microbiol. Infect. Dis. 2009, 65, 279–287. [CrossRef]

37. Prusa, A.-R.; Hayde, M.; Unterasinger, L.; Pollak, A.; Herkner, K.R.; Kasper, D.C. Evaluation of the Roche Elecsys Toxo IgG and
IgM electrochemiluminescence immunoassay for the detection of gestational Toxoplasma infection. Diagn. Microbiol. Infect. Dis.
2010, 68, 352–357. [CrossRef] [PubMed]

38. Naessens, A.; Jenum, P.A.; Pollak, A.; Decoster, A.; Lappalainen, M.; Villena, I.; Lebech, M.; Stray-Pedersen, B.; Hayde, M.; Pinon,
J.-M.; et al. Diagnosis of congenital toxoplasmosis in the neonatal period: A multicenter evaluation. J. Pediatr. 1999, 135, 714–719.
[CrossRef]

39. Pomares, C.; Montoya, J.G. Laboratory Diagnosis of Congenital Toxoplasmosis. J. Clin. Microbiol. 2016, 54, 2448–2454. [CrossRef]
[PubMed]

40. MINSA. Resolución Nº57. Que adopta las normas técnicas y administrativas y protocolos de atención del programa de salud
integral de la mujer. Gaceta Oficial Digital, 4 April 2019.

41. Liesenfeld, O.; Montoya, J.G.; Kinney, S.; Press, C.; Remington, J.S. Effect of Testing for IgG Avidity in the Diagnosis of Toxoplasma
gondiiInfection in Pregnant Women: Experience in a US Reference Laboratory. J. Infect. Dis. 2001, 183, 1248–1253. [CrossRef]
[PubMed]

http://doi.org/10.4269/ajtmh.2008.78.504
http://www.ncbi.nlm.nih.gov/pubmed/18337350
http://doi.org/10.1016/0002-9378(66)90083-4
http://doi.org/10.1007/BF00146369
http://doi.org/10.1186/1471-2334-6-113
http://doi.org/10.1016/S0140-6736(04)16412-X
http://doi.org/10.3390/pathogens7010025
http://doi.org/10.1016/S0140-6736(98)08220-8
http://doi.org/10.1128/IAI.05899-11
http://doi.org/10.1016/S0301-2115(02)00353-6
http://doi.org/10.1016/0028-2243(92)90064-6
http://doi.org/10.4269/ajtmh.1995.53.448
http://www.ncbi.nlm.nih.gov/pubmed/7485702
http://doi.org/10.4269/ajtmh.1988.38.315
http://www.ncbi.nlm.nih.gov/pubmed/3354766
http://doi.org/10.1038/s41598-020-69078-9
http://doi.org/10.1038/s41426-018-0164-4
http://doi.org/10.1016/j.cmi.2020.01.008
http://doi.org/10.1097/01.AOG.0000483310.34885.32
http://doi.org/10.1016/j.diagmicrobio.2009.07.013
http://doi.org/10.1016/j.diagmicrobio.2010.07.011
http://www.ncbi.nlm.nih.gov/pubmed/20884150
http://doi.org/10.1016/S0022-3476(99)70090-9
http://doi.org/10.1128/JCM.00487-16
http://www.ncbi.nlm.nih.gov/pubmed/27147724
http://doi.org/10.1086/319672
http://www.ncbi.nlm.nih.gov/pubmed/11262207


Pathogens 2021, 10, 764 14 of 14

42. The Ministry of Health of Peru. Guías de Manejo de las Complicaciones en el Embarazo 2015; The Ministry of Health of Peru: Lima,
Peru, 2015.

43. MINSA. Decreto Ejecutivo Nº 1617. Que determina y categoriza los eventos de salud pública de notificación e investigación
obligatoria, define los tipos de vigilancia epidemiológica, la vigilancia laboratorial y se señalan los procedimientos para su
realización. Gaceta Oficial, 22 October 2014.

44. Lindsay, D.; Dubey, J.; Butler, J.; Blagburn, B. Mechanical transmission of Toxoplasma gondii oocysts by dogs. Veter- Parasitol.
1997, 73, 27–33. [CrossRef]

45. Fábrega, L.; Restrepo, C.M.; Torres, A.; Smith, D.; Chan, P.; Pérez, D.; Cumbrera, A.; Caballero E., Z. Frequency of Toxoplasma
gondii and Risk Factors Associated with the Infection in Stray Dogs and Cats of Panama. Microorganisms 2020, 8, 927. [CrossRef]

46. Rengifo-Herrera, C.; Pile, E.; García, A.; Pérez, A.; Pérez, D.; Nguyen, F.K.; de la Guardia, V.; McLeod, R.; Caballero, Z.
Seroprevalence of Toxoplasma gondii in domestic pets from metropolitan regions of Panama. Parasite 2017, 24, 9. [CrossRef]

47. National Institute of Statistics and Census (Panama). Densidad de Población en el Distrito de Panamá, Según Corregimientos, Censos de
Población y Vivienda año: Página web de la Contraloría General de la República de Panamá 2010; National Institute of Statistics and
Census (Panama): Panama City, Panama, 2010.

48. National Institute of Statistics and Census (Panama). Superficie, Población y Densidad del Distrito de San Miguelito, Según Cor-
regimiento: Censos de 1990 a 2000. Página web de la Contraloría General de la República de Panamá 2000; National Institute of Statistics
and Census (Panama): Panama City, Panama, 2000.

49. Anselin, L.; Syabri, I.; Kho, Y. GeoDa: An Introduction to Spatial Data Analysis. Geogr. Anal. 2006, 38, 5–22. [CrossRef]
50. Burg, J.L.; Grover, C.M.; Pouletty, P.; Boothroyd, J.C. Direct and sensitive detection of a pathogenic protozoan, Toxoplasma gondii,

by polymerase chain reaction. J. Clin. Microbiol. 1989, 27, 1787–1792. [CrossRef] [PubMed]
51. R Core Team. R: A Language and Environment for Statistical Computing. 2020. Available online: https://www.r-project.org

(accessed on 4 March 2020).
52. Tests, Chi-squared (χ2), Odds ratio and Relative risk. GraphPad Prism version 6.1 for Windows, GraphPad Software, San Diego,

California USA. Available online: www.graphpad.com (accessed on 7 June 2021).
53. Kassambra, A. Factoextra R Package: Easy Multivariate Data Analyses and Elegant Visualization. Version 1.0.5. Available

online: http://www.sthda.com/english/wiki/factoextra-r-package-easy-multivariate-dataanalyses-and-elegant-visualization#
acknoweledgment (accessed on 24 June 2020).

54. Lê, S.J.; Husson, J.F. FactoMineR: An R Package for Multivariate Analysis. J. Stat. Softw. 2008, 25, 18. [CrossRef]

http://doi.org/10.1016/S0304-4017(97)00048-4
http://doi.org/10.3390/microorganisms8060927
http://doi.org/10.1051/parasite/2017009
http://doi.org/10.1111/j.0016-7363.2005.00671.x
http://doi.org/10.1128/jcm.27.8.1787-1792.1989
http://www.ncbi.nlm.nih.gov/pubmed/2768467
https://www.r-project.org
www.graphpad.com
http://www.sthda.com/english/wiki/factoextra-r-package-easy-multivariate-dataanalyses-and-elegant-visualization#acknoweledgment
http://www.sthda.com/english/wiki/factoextra-r-package-easy-multivariate-dataanalyses-and-elegant-visualization#acknoweledgment
http://doi.org/10.18637/jss.v025.i01

	Introduction 
	Results 
	Seroprevalence of T. gondii Infection in Pregnant Women and Newborns 
	Risk Factors Associated with T. gondii Infection 
	Association between Exposure to a Risk Factor and the Occurrence of the Disease 
	Relationship Patterns between Different Risk Factors and T. gondii Infection 

	Discussion 
	Materials and Methods 
	The Ethics Statement 
	Experimental Design 
	Geographical Area Studied 
	Data Collection and Survey Application 
	Sample Collection 
	Peripheral Blood 
	Placental Samples 
	Cerebrospinal Fluid in the Newborns 

	Serological and Molecular Diagnosis 
	Detection of anti-T. gondii Antibodies in Serum Samples 
	Detection of T. gondii Infection in Placental Samples 
	Detection of T. gondii Infection in Cerebrospinal Fluid Samples from Newborns 

	Statistical Analysis 

	Conclusions 
	References

